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Specification 

L Title of Invention 

Driving Met hod of Liquid Crystal Display Device 

2. Claim 

1. A driving method of a liquid crystal display 
device, characterized in that in a liquid crystal display device of an active 
matrix system in which a capacitor for auxiliary storage is provided for each 
pixel of a liquid crystal layer, a first switching element to which a light-on 
control signal to scan the pixel is supplied and a second switching element 
which is made conductive interlockingly with conduction of said first 
switching element are provided for each pixel, power supply to liquid crystal 
and charging of said capacitor are performed by making said second 
switching element conductive when characters are displayed or the like, and 
all of said first switching elements are made conductive for a period of each 
interval between the frames, thereby discharging charges accumulated in 
said capacitors. 

3. Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention relates to a character display device or the like 
using liquid crystal and, more particularly, to a liquid crystal display device 

pixel. 
[Prior Art] 

As a plane type display, there has been being developed an device in 
which fine electrodes are arranged in a matrix form so as to sandwich a 
liquid crystal layer, and light transmitting and light shielding of liquid 
crystal are controlled by controlling a voltage applied to a portion between 
the electrodes, thereby allowing to display characters or the like in such a 
manner that one electrode corresponds to one pixel. As a system for 
controlling power supply to each electrode, namely, a driving system, a 
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multiple time division driving system and an active matrix system have 
been known. According to the latter system related to the invention, a thin 
film transistor is connected to each electrode of the pixel and the transistor 
of the pixel that is intended to be lit on is selectively made conductive. As 
comoared with the former system, the system has an advantage in the case 
where the number of pixels is increased. However, when the number of 
pixels is increased, a period while each transistor is turned on is shorten in 
correspondence to the increased number of pixels, so that there is a problem 
that flicker increases. There has been known such a method that a capacitor 
for auxili ar^st orage is arrang e d in parallel w i th th e- electro de^ of each pixe l — _ 
and lighting of the pixel is allowed to be continued for a period of the frame 
after a transistor was changed from the ON state to the OFF state. 

Fig. 1 schematically shows the main portion of a conventional driving 
circuit having the auxiliary storage capacitor. Common electrodes 1 are 
provided on one plane side of a liquid crystal layer and a number of 
electrodes 2, 2 ... are arranged in a matrix form on another plane side. 
Portions 3, 3 ... of the liquid crystal layer existing between the electrodes 2, 2 
... and the opposite common electrodes 1 correspond to pixels. Thin film MOS 
transistors 4, 4 ... are formed so as to correspond to the pixels or electrodes 
2, 2 ... . The gates of the transistors 4, 4 ... are connected to row electrodes Gl, 
G2 ... so that the gates of the transistors in the same row of the matrix are 
connected in a lump. The drains of the transistors are connected to column 
electrodes Dl, D2 ... so that the drains in the same column of the matrix are 
connected in a lump. The source of each of the transistors 4, 4 ... is 
connected to each of the electrode 2, 2 ... and is also connected to one end of 
each of auxiliary storage capacitors 5, 5 ... in each of which the another end is 
set to the ground level. 

electrodes Gl, G2 ... are sequentially set to the high level by pulses of a duty 
ratio of 1/m. For this period, the column electrode corresponding to the 
pixel as a lighting target is set to a predetermined potential, thereby 
allowing the pixel to be lit on. Consequently, a character display or the like 
of one frame is obtained. For example, by setting the column electrode Dl to 
a positive potential at a timing at which the row electrode Gl is set to the 
high level, the transistor 4 which corresponds to the intersection point of the 
electrodes Gl and Dl, is made conductive and the voltage is applied to the 
portion 3 in the liquid crystal layer of the transistor to light on the portion 
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and to charge the capacitor 5. When the row electrode G2 is set to the high 
level, the transistor 4 is turned off. However, the lighting of the liquid 
crystal layer portion 3 is continued due to the charges accumulated in the 
capacitor 5. Consequently, the lighting time of each pixel is longer than the 
conducting time of the transistor, so that the flicker is prevented. In the 
next frame, a negative voltage is applied to the column electrodes Dl, D2 ... 
corresponding to the pixels to be lit on, a reverse voltage is applied to the 
liquid crystal layer portion 3, and the capacitor 5 is allowed to be charged at 
a reverse polarity. 

- l a the c a se of using the above-mentio ne d conventional driving system , — 

the charging time for the capacitor 5 is determined depending on circuit 
conditions of the capacitances of the capacitor 5 and the liquid crystal layer 
portion 3, ON resistance of the transistor 4, and the like. Since the 
conduction of the transistor 4 is delayed because, mainly, the capacitance of 
the capacitor 5 is large, it is necessary to lengthen the conducting time of the 
transistor 4 in order to allow the capacitor 5 to be sufficiently charged. The 
fact resulted in limitation on an increase in number of pixels. 
[Object] 

The invention is made to solve the above-mentioned conventional 
problems and it is an object of the invention to provide a driving method of 
a liquid crystal display device, that charging of an auxiliary storage capacitor 
is performed through a transistor different from the above-mentioned 
transistor 4, the charges accumulated in the capacitor are discharged for a 
period corresponding to an interval between frames, thereby realizing an 
increase in number of pixels or improvement of a pixel density. 
[Constitution] 

According to the invention, a driving method of a liquid crystal display 

matrix system in which an auxiliary storage capacitor is provided for each 
pixel of a liquid crystal layer, a first switching element to which a light-on 
control signal to scan the pixel is supplied and a second switching element 
which is made conductive interlockingly with conduction of the first 
switching element are provided for each pixel, power supply to liquid crystal 
and charging to the capacitor are performed by making the second switching 
element conductive when characters are displayed or the like, and all of the 
first switching elements are made conductive for each interval between the 
frames, thereby allowing the charges accumulated in the capacitors to be 
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discharged. 
[Embodiment] 

The invention will now be specifically described on the basis of the 
drawings showing the embodiment. Fig. 2 schematically shows the main 

nnrrinn of a circuit for embodvins a driving method of the invention. The 

£ — ^ ^ - „ w — 

common electrodes 1 are provided on one plane side of the liquid crystal 
layer. A number of electrodes 2, 2 ... are arranged in a matrix form of 64 
rows x 128 columns on another plane side. The portions 3, 3 ... of the liquid 
crystal layer existing between the electrodes 2, 2 ... and the opposite 
common elec tr odes 1 c orresp ond to pixe ls, — The thin film MOS trans istor s 4, 4 
... and the same MOS transistors 14,14 ... are formed so as to correspond to 
the pixels or electrodes 2, 2 ... . 

The gates of the first transistors 4, 4 ... are connected to the row 
electrodes Gl, G2 ... G64 so that the gates of the transistors in the same row 
of the matrix are connected in a lump and the drains are connected to the 
first column electrodes Dl, D2 ... D128 so that the drains of the transistors in 
the same column of the matrix are connected in a lump. The sources of the 
transistors 4, 4 ... are connected to the gates of the second transistors 14, 14 
... of the same pixels, respectively. The drains of the second transistors 14, 
14 ... are connected to second column electrodes DX to which the transistors 
are connected in a lump. A source is connected to each of the electrodes 2, 2. 
And, at the same time, a source is connected to one end of each of the 
auxiliary storage capacitors 5, 5 ... in each of which another end is set to the 
ground level. 

Fig. 3 is a timing chart for use in explanation of the driving method of 
the invention. Although the row electrodes Gl, G2 ... G64 are sequentially 
continuously set to the high level once per period of one frame at a duty 

row electrodes by one, all of the row electrodes Gl, G2 ... G64 are set to the 
high level for a period of 1/65 of one frame up to the light-on timing of the 
pixel regarding to the row electrode Gl of the next frame after the light-on 
timing of the pixel regarding to the row electrode G64. 

Although the second row electrode DX is set to a positive potential or a 
negative potential every frame, for a period while all of the row electrodes 
Gl, G2 ... G64 are set to the high level, it is set to the level of the ground 
potential. The first column electrodes Dl, D2 ... D128 corresponding to the 
pixels to be lit on for a period (corresponding to 1H) while Gl, G2 ... G64 are 
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set to the high level are set to the high level, respectively. For a period 
while the all of the row electrodes Gl, G2 ... G64 are set to the high level, all 
of the first column electrodes Dl, D2 ... D128 are set to the high level. 

Performing such a power supply control allows the turn-on of the 
transistor 4 in the portion corresponding to the intersection point at which 
both of the row electrode and the first column electrode are set to the high 
level. Since the second column electrode DX connected to the drain of the 
transistor 14 is set to a positive potential or a negative potential at a timing 
at which the row electrodes Gl, G2 ... G64 may be set to the high level, the 

transisto r 14 is ch an ged to t he conducting sta te so as to be int erlo ckingly 

with the transistor 4. Since the capacitance between the gate and the source 
and the capacitance between the gate and the drain of the transistor 14 are 
small enough, time until the transistor 14 is made conductive after the 
transistor 4 was made conductive is very short. 

By making the transistor 14 conductive, the power supply to the liquid 
crystal layer portion 3 is performed and the capacitor 5 is charged, so that 
the character display or the like is performed. In association with the early 
conducting timing of the transistor 14, the timings of the power supply to 
liquid crystal and the charging to the capacitor 5 are made earlier due to 
such an early conducting timing, so that the number of pixels can be 
increased in correspondence to such early timings. 

Since the row electrode G64 is set to the high level and, after the pixel 
connected to the electrode is lit on, all of the row electrodes Gl, G2 ... G64 
and all of the first column electrodes Dl, D2 ... D128 are set to the high level, 
all of the transistors 4, 4 ... are made conductive. Since the second column 
electrode DX is set to the ground level, the charges accumulated in the 
capacitor 5 of the pixel which is lit on the frame are discharged through the 

the transistor 4. Since the polarity of the second column electrode DX is 
changed to positive or negative every frame, the polarity of the charges 
accumulated in the capacitor 5 is changed to positive or negative. In any 
case, the accumulated charges are discharged for a period while all of the 
transistors 4 are made conductive. By allowing the capacitor 5 to be charged 
or discharged in this manner, the power supply to the liquid crystal portion 
is permitted to be continued for the frame while the pixel is lit on even after 
the corresponding transistor 4 is turned off, thereby allowing the lighting to 
be continued. When the pixel is not permitted to be lit on for the next 
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frame, the pixel can be surely lit off. 
[Effects] 

As mentioned above, according to the invention, since the driving 
method of the liquid crystal display device is characterized in that in the 
liquid crystal display device of the active matrix system providing the 
auxiliary storage capacitor for each pixel of the liquid crystal layer, the first 
switching element to which the light-on control signal to scan the pixel is 
supplied and the second switching element which is made conductive 
interlockingly with the conduction of the first switching element are 
provide d for e ach pix el, the power supply to liquid crystal and the charging 
to the capacitor are performed by making the second switching element 
conductive when characters are displayed or the like, and the charges 
accumulated in the aforementioned capacitors are discharged by making all 
of the first switching elements conductive between the frame, the charging 
to the auxiliary storage capacitor is realized at a high speed. Therefore, the 
number of pixels can be increased, so that the liquid crystal display device of 
the active matrix system in which the quality of character display or the like 
is improved can be realized. 
4. Brief Description of the Drawings 

Fig. 1 is a schematic diagram of the main portion of a conventional 
driving circuit; Fig. 2 is a schematic diagram of the main portion of a circuit 
for embodying a driving method of the invention; and Fig. 3 is a timing chart 
for use in explanation of the operation. 

[Description of the Reference Numerals] 

1 common electrode, 2 electrode, 3 liquid crystal layer portion, 4, 14 
transistor, 5 capacitor, Gl, G2, , G64 row electrode, Dl, D2, , D128, DX 
column electrode 

Amendment 

6. Contents of Amendment 
6-1 [ Title of Invention ] 

Please change the title of the invention to - DRIVING METHOD OF 
LIQUID CRYSTAL DISPLAY --. 
6-2 [What is Claimed is:] 

Please see an annex. 
6-3 [ Detailed Description of the Invention ] 

IN THE SPECIFICATION: 
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(1) Page 1, line 18, change " a image display device " to — character display 
divice or the like --; 

(2) Page 1, line 20, change " image " to - liquid crystal; 

(3) Page 2, line 5, change " images " to — characters or the like; 

(4) Page 2, line 6, change " TV " to display; 

(5) Page 4, line i, change " image " to — a character display or the like; 

(6) Page 5, each of lines 13, 16, and 18, change " an image display device " to 
— a liquid crystal display device; 

(7) Page 6, line 2, change " when images are displayed " to — when 
characters are displayed or the like; 

(8) Page 9, line 1, change " image display " to — character display or the like; 

(9) Page 10, each of lines 4, 6, and 18, change " image " to - liquid crystal; 

(10) Page 10, line 11, change " when images are displayed " to — when 
characters are displayed or the like; 

(11) Page 10, line 17, change " image " to ~ character display or the like; 
7. A Catalog of Attached Papers 

(1) One piece of paper mentioned scope of claims after amendment. 
[ In the Claims ] 

1. A driving method of a liquid crystal display device, characterized in that 
in a liquid crystal display device of an active matrix system in which a 
capacitor for auxiliary storage is provided for each pixel of a liquid crystal 
layer, a first switching element to which a light-on control signal to scan the 
pixel is supplied and a second switching element which is made conductive 
interlockingly with conduction of said first switching element are provided 
for each pixel, power supply to liquid crystal and charging of said capacitor 
are performed by making said second switching element conductive when 

are made conductive for a period of each interval between the frames, 
thereby discharging charges accumulated in said capacitors. 
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